Abstract The objective of this study was to investigate a gridbased sampling design to determine the cross-scalar selection of habitat by a territorial animal species: the hazel grouse (Tetrastes bonasia L.). In each of three sites with increasing hazel grouse nest site density, three lattice grids were used to measure both the habitat variables and the species occurrence in 100 30×30 m cells. We calculated the average values for habitat variables, as well as use versus non-use by the species, at three spatial scales: small (1×1 cell), intermediate (2×2 cells) and large (3×3 cells). Generalised linear mixed models were integrated into a method of variation and hierarchical partitioning and used to assess the relationship between the habitat variables and the species preferences at each scale. In all scales, species selection was associated with ground layer composition. Selection was also associated with the composition of the woody layer and negatively associated with dominance of tor grass (Brachypodium rupestre (Host) Roem. & Schult.) at the two larger scales. Both litter cover and thinning contributed positively to the habitat selection at the two smaller scales. The other variables were significant only at one scale or explained a relatively low proportion of the variation at multiple scales. Neither the management nor the stand structure variables played a significant independent role across scales when compared with ground layer variables. The total variation explained was highest (ca. 90 %) at the large scale. This finding indicates the possibility of obtaining crossscalar hazel grouse preferences from grid-based sampling, provided that spatial autocorrelation in the data is handled appropriately.
Introduction
It is widely acknowledged that the distribution and abundance of species are influenced by habitat quality, as well as by the spatial arrangement of suitable habitats (Turner 1989) , at a grain size proportional to the resolution at which species perceive their environment (Kolasa 1989) . However, the results depend on both the scale of the data collection and the way the areal units are aggregated into zones or 'patches' of habitat (Jelinski and Wu 1996) . This sensitivity to scale is known as 'the Modifiable Areal Unit Problem' (Openshaw 1977) . One possible solution to this problem is a hierarchical approach that identifies the characteristic scale at which a species perceives habitat features and then focuses the study on these scales (Jelinski and Wu 1996) . In fact, identifying how observations change among domains of scale makes it possible to extrapolate data among scales and improve cross-scalar Communicated by C. Gortázar Electronic supplementary material The online version of this article (doi:10.1007/s10344-013-0762-3) contains supplementary material, which is available to authorized users.
predictability. In addition, the most significant scale at which to observe and manage a species-specific or community-specific habitat features can be identified (Wiens 1989) . A true multiscalar approach should be able to capture the variation associated with habitat structure and thus observe the same phenomenon in the same way at multiple spatial scales (Wheatley and Johnson 2009 ). Other concepts of multiple scales that do not apply a spatial approach, such as the organisation levels of habitat selection, are equally valid but cannot identify the dominant or characteristic spatial scales of selection (Mayor et al. 2009) .
The landscape-level study of the habitat selection by hazel grouse (Tetrastes bonasia L.) has received much attention in recent years because the bird's specialisation for forest environments, poor dispersal ability and site tenaciousness (Jannson et al. 2004 ) make it particularly sensitive to changes in landscape composition (Saari et al. 1998) , which are common in the European Alps (e.g. Sitzia and Trentanovi 2011) . A single spatial scale was used in all the available landscape-level studies of grouse habitat selection within the alpine environment (Mathys et al. 2006; Muller et al. 2009 ). To our knowledge, only Swenson (1993) and Åberg et al. (2000) , working on hazel grouse within the boreal forest, have addressed more than one spatial scale. Åberg et al. (2000) conducted a comprehensive habitat analysis, using multiple replicates of the same plot size to assess the pattern of habitat selection. Although they expressed average habitat variation in several ways, the plot size uniformity masked changes among scales (Wheatley and Johnson 2009) .
In this study, with the objective of extrapolating results across scales, we present the evaluation of a grid-based multiscalar sampling and analysis. This method allows us to determine the n-order multiple of a micro-site scale at which the species responds. We tested the method at the individual level to answer the following research questions within an area representative of the species' home range: (i) What is the relative importance of management, stand structure and ground layer for summer habitat selection by individuals in a finegrained forested landscape of the Alps that is not intensively managed? (ii) Does spatial scale affect the relative importance of management, stand structure and ground layer factors?
Material and methods

Study area
Our study was performed in the Trudner Horn Nature Park. The park offers a vast diversity of plant communities, ranging from sub-alpine spruce woods to sub-Mediterranean coppice woods. The area alternates woodlands with meadows and steppe-like grasslands. The park (6,866 ha) is located in the province of Bozen, North Italy (46°16′N, 11°18′E). Elevations range from 215 to 1,817 m asl. The area belongs to the Mediterranean mountains environmental zone sensu Metzger et al. (2005) . The mean annual temperature is 6-7°C, and the annual rainfall is 900-1,100 mm (Rehder 1965) . According to Peer (1995) , the predominant vegetation types are silver fir (Abies alba Mill.) woods, montane spruce (Picea abies L.) woods, and carbonatic and acid Scots pine (Pinus sylvestris L.) woods.
Field surveys
From August 1 to September 30, 2000, a route census of 1,000 ha of hazel grouse habitat in the park was conducted by a surveyor and a dog to find all nest site locations and to monitor their fate. Then, to address issues of accessibility and availability (Jones 2001) , we randomly selected three sites with various nest site densities: low (1/km 2 ), medium (3/km 2 ) and high (5/km 2 ). During September and October, we sampled these three sites in each of the 100 30×30 m cells of a 9 ha grid (Fig. 1) . The size of the grid was chosen to be representative of the home range (Montadert and Leonard 2004) , and the grain size was chosen according to the size of the feeding sites (Johnson 1980; Sachot et al. 2003) .
Within each cell, we drew two orthogonal transects along which we recorded herbaceous species, canopy cover and the presence/absence of hazel grouse droppings every 1 m. We also recorded the stage of stand development every 5 m. We recorded woody species cover and top height for the entire cell, as well as evidence of cuttings, the presence of red wood ant (Formica rufa L.) nests, and mowing and silvicultural practices (Table 1 ). It was assumed that the abundance of 1-m segments with droppings would proportionately reflect the length of time spent in each cell (Bibby et al. 1992) . Each cell required 20 min to be surveyed, and the grid required 8 days for survey by two surveyors.
Data analysis
We used a principal components analysis (PCA) to characterise the variation of stand development stages (PCA_SDS), treeshrub composition (PCA_TS) and ground layers (PCA_GL). PCAs were performed separately for each group of variables and for each spatial scale. We considered principal components statistically significant only if they had eigenvalues that exceeded those predicted by the broken stick model (Jackson 1993; Legendre and Legendre 1998) .
The effects of management, stand structure and ground layer on the presence and abundance of hazel grouse droppings were analysed using generalised linear mixed models (GLMM). In this study, the data are hierarchically structured in the sense that grid cells are nested within different nesting sites, and we used mixed effects models to account for the spatial dependencies within nesting sites. A suitable mixed effects model for the purpose can be constructed by introducing a random effect for site into the standard regression (Fieberg et al. 2010; Zuur et al. 2009 ). The GLMM structure also incorporates non-normally distributed data through link functions that account for the error in the presence/absence or abundance data; such errors rarely follow a normal distribution. The likelihoods of the models were computed with the Laplace approximation, as suggested by Bolker et al. (2009) , in the 'lme4' package (Bates and Maechler 2013) for the R statistical program (R Development Core Team 2009), assuming a binomial error distribution for the presence/absence data and a Poisson error distribution for the abundance data. Separate GLMM analyses were performed within each of the three sets of explanatory variables (management, stand structure and ground layer) and for each spatial scale (1×1, 2×2 and 3×3 grid cells). To check that the GLMM could adequately account for the spatial autocorrelation in the residuals, spatial correlograms for Moran's I were calculated for models containing only study effort variables and also for the mixed effects models to account for the spatial dependencies within sites (see Supplementary material). The results suggested that the mixed model successfully accommodates spatial autocorrelation within sites. Given that multicollinearity among explanatory variables can hamper the identification of the most causal variables (MacNally 2000), the Pearson correlation matrix was performed. In the case of highly correlated variables (r >0.60), only one variable was used to avoid multicollinearity (see Supplementary material). An assumption of both binomial and Poisson distributions is that the mean and variance are equal, resulting in a dispersion parameter (∅ = deviance/residual degrees of freedom) approximating 1. We checked for overdispersion (ϕ > 1) in both models, and we found they were not overdispersed (ϕ <). Model selection was based on the Akaike's information criterion (AIC).
The AIC method selects models based on the explanatory variables with penalties for over specification. Second-order biascorrected Akaike's information criterion (AICc) was used for small sample sizes. We also calculated the relative probability of each model being the best model by calculating their Akaike weights, w i . The w i for each model is the model likelihood value normalised to sum to 1 across all R models being considered. This value can be interpreted as the probability that each model provides the best fit among all models to explain the observed data (see Burnham and Anderson 2002) . The w i was calculated using the 'AICcmodavg' R package (Mazerolle 2010) .
The significant variables selected from each component in the GLMM were then further analysed by variation partitioning (VP) to determine the unique and joint fractions of variation explained by the three sets of explanatory variables (management, stand structure and ground layer) for each spatial scale. VP is implemented as function 'varpart' in the 'vegan' R package (Oksanen et al. 2010) . We report the variation explained in each model as the adjusted R 2 (R 2 adj ), which takes the number of predictor variables and sample size into account to prevent the inflation of R 2 values. When a negative R 2 adj was obtained, we interpreted it as a zero value, which means that the fractions from one VP may not always add up to a perfect 100 % (Peres- Neto et al. 2006) .
In addition to variation partitioning, hierarchical partitioning (HP) was also used to determine the relative importance of the variables most likely to affect variation in the distribution of hazel grouse (Chevan and Sutherland 1991) . The analyses were performed by testing all of the significant variables selected in the GLMM at each spatial scale in a unique model. HP addresses the presence of collinearity by determining the Fig. 1 Picture summarising a the grid-based sampling design and b the case study independent contribution of each explanatory variable to the response variable and separates it from the joint contribution that results from correlation with other variables. HP was conducted using the 'Hier.Part' R package (Walsh and Mac Nally 2008) . The independent effects were tested using a randomization routine (n =200), which gives Z scores for the generated distribution of randomised independent contributions and a level of statistical significance (P) based on this score. We used a binomial error distribution for presence/ absence data, a Poisson error distribution for abundance data and log-likelihood as a measure of goodness-of-fit.
Results
In our study, the relative importance of three hazel grouse's habitat component: management, stand structure and ground layer was obtained using GLMM. Then, to assess whether spatial scale affected the relative importance of each significant factor selected by GLMM, we used VP. Finally, to distinguish which of these factors were likely to be most influential in controlling variation in the species distribution, we used HP.
Importance of the habitat components
The results obtained using GLMM are shown in Table 2 . As can be seen, the w i of the management and stand structure models, both in presence and abundance, was higher at the two larger spatial scales (2×2 and 3×3 grid cells), while that of the ground layer model was similar at the small and medium scales (1×1 and 2×2 grid cells) and higher at the large scale (3×3 grid cells).
Within the models with the highest weights, habitat use by hazel grouse was positively associated with respacing (RES), dominance of two-storied stands (TWS) and blanks (BLA), presence of rowan (Sorbus aucuparia L.), aspen (Populus It can be observed that only some variables were relevant at all the spatial scales: SDS_H and the species scoring on the first PCA_GL were always associated with non-use while TWS and BLA with use. MOL showed contrasting effects moving from the small to the two larger scales.
Spatial scale effects on the factors' relative importance
The VP indicated that at the small spatial scale (1×1), only ground layer variables explained a part of the variation, which is higher in the presence/absence model. Management had an effect close to zero, and the stand structure variables were not significant (Fig. 2a, d ). At the intermediate spatial scale (2×2), the presence/absence model showed that a large proportion of variation was shared between stand structure and ground layer (28 %), while their pure effect was 7 %. The joint variation shared among the three groups was 15 % (Fig. 2b ). The abundance model (Fig. 2e ) indicated different results: the pure effects were mainly explained by ground layer, with additional impacts of joint variation (summing to 10 %). At the large spatial scale (3×3 grid cells), the largest part of the explained variation in the presence/absence model was related to the joint variation between ground layer and stand structure (30 %) and among the three groups (29 %). The second largest fraction of the variation was accounted for by joint variation between management and ground layer (14 %); these variables also showed significant pure effects (4 and 11 %, respectively) (Fig. 2c) . In the abundance model, management variables had a pure effect (11 %), while the largest proportion of variation was shared between management and ground layer (28 %) (Fig. 2f) . In general, the presence/absence models (19-88 %) had higher explanatory power than the abundance models (10-43 %), which might be due to an incomplete counting of droppings, which are sometimes difficult to distinguish in the undergrowth (Montadert, personal communication) . Moreover, at the large scale, both of the models explained more of the variation (88 and 43 %) than they did at the small scale (19 and 10 %).
Factors controlling variation in the species distribution
The results of the HP analyses generally reflected those ascertained by the GLMM and VP analyses but revealed slightly different results concerning the relative importance and significance of some of the variables (Fig. 3) . At the small spatial scale, PCA_GL 1 was confirmed as an important variable explaining large fractions of variation (50-80 %) in both of the models, while other explanatory variables produced small significant independent effects (Fig. 3a, d ). At the intermediate scale, PCA_TS 1 (35 %) and PCA_GL 1 (32 %) made large independent contributions in the presence/absence model (Fig. 3b) , while PCA_GL 1 (33 %) and LIT (22 %) were the more important variables in the abundance model (Fig. 3e) . Additional important primary variables with relatively large independent effects were ITC, BRA and the percentage of deciduous woody species (% DEC) (Fig. 3b, e) . At the large scale, PCA_GL 1 , PCA_TS 1 , RES and BRA had the strongest independent contributions (15-30 %) in the presence/absence model (Fig. 3c) . In the abundance model, BRA, RES and PCA_GL 1 produced the greatest independent effects (20-25 %) (Fig. 3f) . The 2×2 and 3×3 models confirmed that a relatively large part of the explained variation was related to the joint effects of the explanatory variables.
Discussion
Prior work has documented a general difficulty in detecting habitat selection by hazel grouse at different scales. Åberg et al. (2000) , for example, report that the only effect that was true at all scales, seasons and densities was that grouse avoided stands dominated by Scots pine. They began at 150-m interval census point locations and included more 10-m radius sampling plots of fine-scale habitat variables throughout four larger areas. However, to scale up and quantify habitat over larger scales, this study used multiple replicates of the same plot size, which precluded the authors from capturing the variation among scales (Wheatley and Johnson 2009) .
In this study, we tested the extent to which a multi-scalar grid-based approach improved the knowledge of habitat use by hazel grouse across scales. We used a grain size comparable to the typical size of feeding areas, and then, we multiplied the extent twice, over a continuous lattice grid, to approximately 1/20-1/40 of the size of a normal minimum convex polygon hazel grouse home range in the study region. First, we studied the variation in single habitat variables at the three scales separately with GLMM; second, we partitioned their variance into groups considering the three scales together; and third, we hierarchically split the variation explained by each habitat variable into both a joint and an independent effect at each scale.
We found that in all scales, habitat selection was associated with ground layer composition, while woody layer composition and the absence of dominant cover by tor grass were important at both of the two larger scales. Litter cover and thinning positively contributed to habitat use at both of the two smaller scales. The other variables were important only at a single scale or explained a relatively low proportion of the variation at multiple scales, such as the composition and homogeneity of stand structure or showed opposite signs depending on scale, like the dominance of purple moor grass. In addition, the variation partitioning revealed that only the ground layer group of variables had a substantial effect across all scales independently, while the other two groups, management and stand structure, showed relevant effects only jointly or with both of the other groups and only across the two larger scales. The total explained variation reached a remarkably high value of ca. 90 % at the large scale, while this value was quite low at the feeding items scale.
Many of the abovementioned habitat variables were significantly related to hazel grouse presence or absence, similar to the TWS TWS Fig. 3 The independent and joint contributions (given as percentages of the total explained variation) of each explanatory variable for the presence (a-c) and abundance (d-f) of hazel grouse droppings within the separate spatial scales of the a, d 1×1 grid cell, b, e 2×2 grid cells and c, f 3×3 grid cells, as estimated from hierarchical partitioning. Black bars indicated independent effects; white bars, joint effects. Significant (P < 0.05) independent effects are indicated by asterisks, resulting from the zrandomization procedure (n =200). The models are shown and are ranked according to decreasing independent effect. See Table 1 for abbreviations of the explanatory variables results found in earlier studies. For instance, field layer, wellstructured forests, dead wood, deciduous tree species and spruce proportion have each been found to play a role in previous studies (Åberg et al. 2003; Eiberle and Koch 1975; Jannson et al. 2004; Mathys et al. 2006; Muller et al. 2009 ). However, our general cross-scale findings contrast with those of Åberg et al. (2000) in several aspects. The approach they used to study the habitat variability within home range differed from ours in that they adopted a multiple design study rather than a multiscalar approach, where five concentric zones around species occurrences were used to assess the grouse's preference of 76 habitat variables surveyed around a fixed 10-m radius. We suspect that they did not find any clear patterns of habitat preferences within the species' home range because they collected habitat data at a too-small scale: they used only a single circa 300 m 2 (10-m radius) scale, which corresponds to one third of our smallest scale. However, despite this absence of clear patterns, their results, even if at a different scale, are partially coincident with ours because according to these authors, hazel grouse presence was positively related to shrubiness and field layer and negatively related to the amount of Scots pine. The same lack of significant habitat variables characterises the work of Montadert (2005) , who associated the animal localisation to a single fixed 10-m radius vegetation relevé.
In addition, some variables and groups of variables were significantly preferred or avoided at multiple scales, while others were only preferred or avoided at one or two scales. Our study, therefore, indicates that the use of a grid-based sampling design where grain and size are chosen according to the species ecology may address species requirements across n-order multiples of scale with a reasonable survey effort.
Management implications
To our knowledge, this is the first study to investigate the most appropriate scale at which the hazel grouse habitat can be observed and managed. Our results indicate that neither management nor stand structure plays a significant independent role across scales when compared with ground layer variables. However, considered jointly, the two sets of explanatory variables contribute substantially to the explanation of habitat preference at the individual level. Ground layer seems also to be connected to stand structure and some connections of stand structure to management was observed at the intermediate scale.
In general, this suggests that ground layer variation is spatially structured by management actions, especially at the large scale.
Some variables and their interconnections became clear only at specific scales. For example, mowing is not related to tor grass at the small scale, but it is related at the large scale. Additionally, management becomes substantially important only at the large scale. Operationally, this result means that mowing becomes detrimental only when applied on surfaces larger than approximately 1 ha (3×3 scale). Grouse always avoid areas dominated by multi-storied structure, while open areas (blanks) are only avoided at the largest scale, when they extend more than approximately half a hectare. Similarly, thinning was a positive practice when applied on a surface smaller than a half hectare. These results are in general agreement with previous evidence of hazel grouse avoiding areas of open land more than 200 m wide (Åberg et al. 1995) . These findings are not, in fact, contradictory to those of Åberg et al. (2003) , who identified un-thinned stands as favourable habitats; we simply defined the scale at which hazel grouse perceive the habitat features related to thinning.
Conclusions and further research
A grid-based sampling design in which the basic unit corresponds to the typical size of the feeding area and the largest unit to the size of the home range could be a promising approach to study cross-scalar habitat selection at the individual level in contiguous landscapes because hazel grouse is a territorial specialist that has limited movement capacity (With and Crist 1995) . Both the habitat variables and the species occurrence must be surveyed at each of the cells in a continuous lattice grid to capture the variation of habitat preference in a continuum. One condition that must be met is that such studies should employ appropriate analytical methods to account for nonnormal distributions and spatial autocorrelation (Zuckerberg et al. 2012) . Our results are encouraging and should be validated in a larger series of years, seasons and with different currencies of use and levels of organisation (Buskirk and Millspaugh 2006; Mayor et al. 2009 ).
Normally, habitat selection studies must both design a random sampling of the resource distribution according to the heterogeneity of the sampled area and provide an adequate coverage of the area (Buskirk and Millspaugh 2006) . This step, which generates bias (Gu and Swihart 2004) , is avoided in our method because we surveyed use versus non-use in each cell of a sampling grid superimposed on areas available for use, and we adopted the single grid as a random effect to account for any spatial dependence within sites. In this approach, the location of the grids must be restricted to within regions of concentrated use, thereby assuring habitat accessibility (Jones 2001) . Moreover, the application of such a grid allows for the comparison of results with many other available spatial statistical methods, such as spatial eigenvector mapping (Dormann et al. 2007) .
Further research should address the replication of the single levels of use intensity in different landscape types and/or regions, with the aim of considering interactions among landscape types, habitat variables and species density (Thomas and Taylor 2006) .
